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Oune of the first observations on iodine metabolism in fishes was that of Marine
and Lenhart (1910a, 1910L) who showed that addition of potassium iodide to
water flowing past brook trout (Salvelinus fontinalis) could reduce the goitrous
condition of these fish.  Little additional information, exclusive of a few measure-
ments on the iodine content of the thyroids of fish, was forthcoming until the
advent of radioactive iodine.  Since that tine numerous studies have been made
on 1odine metabolism in fishes, with the bulk of the work being concentrated on
thyroid physiology and biochemistry (see reviews by Pickford and Atz, 1957
Berg, Gorbman and Kobayvashi, 1959 Leloup and Fontame, 1960).

Studies of extra-thyroidal iodine have generally heen limited to deseribing
tissue other than the thyvroid which concentrates todine.  Using injected doses of
1-131, it has been established that the ovary of cvelostomes and teleosts, notochord
of cvclostomes as well as gills and stomach of selachians will concentrate iodide
(1-131) above the Dblood level.  Magsood, Reineke and Fromm (1961), using
i vitro incubation, studied a number of tissues {rom rainbow trout and found
that only the lower jaw (thyroid) concentrated 1-131 above the level m the in-
cubation medinm.  Few data, however, are available on the actual 1odine content
of nonthyroidal tissnes exclusive of the blood.  Robertson and Chaney (1953)
reviewed the literature and have contributed values on the iodine content of a
number of tissnes of rainbow tront.

The level of mjected radioiodine in the vascular compartinent and its rate
of turnover have heen httle studied in fish and concern blood levels and excretion
rates.  Leloup (1932) found that in mullet (Mugil awratus) the blood level of
T-131 was 3219 of the injected dose (per gram of blood) 8 hours after injection
and 2.38% after 72 hours.  Mullet pre-treated with thiourea (1 gram per liter
of aquarium water) for 8 days had @ blood level of 1.080 of the injected dose
8 hours after injection.  Ilickman (1959) reported the hali-life of [-131 in the
blood of salt-water flounder (Platichthys stellatusy ranged {rom 75 to 327 lours
while that of the [resh-water lounder ranged from 203 to 279 honrs.

Most studies of 1odine excretion in fish Lave been concerned with determina-
tion of whole body loss: the findings showed great variation among  different
fishes.  Teloup (1952) showed that mullet lTose 2479 of an injected dose of
carrier-free 1131 in 24 hours and 4537 i 72 hours: conger cels (Conger
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conger) lost 7% in 24 hours. Chavin (1956) found that goldfish (Carassius
auratus) lost 65% of an injected dose in 24 hours, and Leloup and Fontaine
(1960) indicate that rainbow trout at 20° C. lose 33.59¢ in 24 hours. It is of
interest to note that Leloup (1952) found that mullet treated with thiourea ex-
creted radioiodine at a greater rate than untreated controls and the blood level of
1-131 remained below that of the controls.

The only miormation found on the routes and relative rates of excretion of
iodide in fish is that obtained by E. K. Marshall, Jr. and published by Beiter
(1933). In this study two aglomerular toadfish, Opsanus tai, were injected with
Nal and after 23 hours 7490 and 9275 of the injected dose had been excreted
by the gills while 0.67%¢ and 1.196 was excreted by the kidney. Hickman (1939)
has estimated that more than 80¢¢ of the 1-131 injected into salt- and fresh-water
starry flounder is excreted extrarenally.

MATERTIALS AND METHODS

Rambow trout (Salmo gairduert) weighing from 75 to 173 grams, provided
by the Michigan Department of Conservation, Wolf Lake Hatchery, were kept
under constant illumination in static tanks of aged, aerated tap water at 12 +2° C.
They were fed trout pellets every other day and the water was changed every
third day. During experimental periods the fish were not fed.

Ten trout used in the 24-hour uptake study were injected intraperitoneally
with carrier-iree Na I-131 made up in distilled water. The injection volume was
0.1 ml. and contained 2.26 pc. of 1-131.  Five fish were also given injections of
20 mg. of NaSCN. The fish were then placed in separate aquaria containing 36
liters of aerated. aged, tap water. After 24 hours the fish were anesthetized with
MS-222 and samples of blood, upper gill and lower jaw were obtained. Gill and
jaw samples were rinsed in fish Ringer’s solution, blotted dry and weighed to the
nearest milligram, using a Roller-Smith balance.  All samples were wet-ashed
with nitric acid in five-dram plastic vials and diluted to a counting volume.
Counts were made on 10-ml. aliquots of the aquarium water. Counting stand-
ards were made up in similar vials using 120 of the mjected dose.  All samples
were counted using a two-inch thallium-treated Nal well scintillation detector,
Model PHA-ICA pulse height analvzer and Model DS-1.\ decade scaler used as
a slave scaler.  Counting was done at the 3% level of error or less.

For blood turnover studies, 15 trout were injected with 3.87 pc. Na [-131
per fish, then evenly distributed among three aquaria, each containing 38 liters of
aged tap water and equipped with a charcoal filter.  Five fish swere lalled at 24,
72 and 120 hours and samples of blood and lower jaw taken.  DBlood samples
were centrifuged at 2500 rpm for 20 minutes and plasma samples varying from
0. to 0.7 ml. removed. Plasma proteins were precipitated with 1070 ZnSO, and
0.5 N NaOH and washed twice with 10 ml. of glass-distilled water. Precipi-
tates, washes, tissue samples and aquaria water were counted as noted above.

Routes of excretion of 1-131 were studied in two groups of trout.  The first
group contained radioiodide that had heen accummlated by the fish during a 24-
hour exposure to distilled water containing Na [-131. The second group was
studied 2+ hours after receiving an intraperitoneal injection of Na [-131. For
this experiment the fish were anesthetized with MS-222 and a polyethylene
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Iarre 1.0 Distilted or tap water pumped over the gills of the experimental fish in the
chamber, flowed out the side-arm into the two columns, cach contaiming 10 grams of ion
exchange resin, TR 4000 The cannula delivered urine into a 10-ml. graduate cylinder.  To
sceure the animals i position damp cotton was tucked in around the tail of the fish.

caunula (Intramedic P12 00) with a flared tip was serted into the urinary
bladder. The fish was iserted into the urine-collecting apparatus (Fig. 1),
damp cotton was placed aromnd the posterior ends of the fish to keep them in place
and the gills were bathed with tap or distilled water. .\t the end of the collection
period  the fish were again anesthetized  with NMS-2220 Dlood  samples  taken,
centrifuged and plasma drawn off. The radioactivity in the plasmia, urine and
resin samples was measured as noted above.

REsvnrs

Data on the 24-hour tissue distribution of intraperitoneatly injected Na 1-131
(Table 1) indicate that the gills of trout do not accumulate iodide above the
concentration found i the blood. T contrast, the lower jaw (thyroid) ex-
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Tasre |1

Lwenty-four hour uptake of intraperitoncally injected [-131 by rainbow trout

¢ injected dose per gram tissite

Body weight T and range " =
Blood (x £ SI) Gl (s e isl8) Lower jaw (¥ + SE)
Control
129.7 (89.1 ;5‘).1) 5 3.10 4+ 0.51 0.62 + 0.06 11.20 £ 1.50
NaSCN (20 mg./fish)
147.6 (98.1-172.6) 5 0.64 + 0,16 (),Z(); 0.07 0.31 £ 0.07

hibits a definite facility for concentrating iodide which is inhibited by thiocvanate.
In addition to blocking thyrotdal uptake of radiolodine, administration of thio-
cyanate reduced the [-131 content of both blood and gill tissue.  The 1-131 content
of the aquarium water 24 hours after injection showed that the rate of loss from
the thiocvanate-treated fish was some three times greater than that of control
fish (control 21.99 and NaSCN treated 69.79 of the injected dose).

Data on the relative distribution of I1-131 in blood plasma following intra-
peritoneal injection are given in Table 11.  Less than 5% of the total radioiodide
in the blood was found m the protein-bound fraction. The amount of protein-
bound iodide decreased along with a decrease in the non-bound iodide until the
fifth day after mjection when it increased shghtly, presumably the result of
thyroidal production and or release of radioactive thyroxine. Thyroidal (lower
jaw) radioiodine showed a continual rise during the five-day experimental period.

A very short biological half-life of 1.7 days (Fig. 2) indicates a very rapid
rate of turnover for non-hound [-131 i trout plasma. The rate of disapppear-
ance of [-131 from the plasma is a function of tissue exchange (addition and
withdrawal) and excretion (renal and extrarenal).

The apparatus, as shown i Figure 1, was constructed to facilitate the study
of routes and rates of excretion of [-131 from trout. The urine flow rates

TasrLe 11

Distribution and turnover of I-131 in the blood plasma of rainbow trout

24 hours 2 hours 120 hours

X + SE* T 2= SIbE X &= SE*
¢ dose per gm. plasma 1.53 £ 0.61 2.35 £ 0.41 0.91 £ 0.25
‘¢ dose non-bound per gm. plasma 1.49 £ 0.60 2.33 £ 0.41 0.88 & 0.11
‘¢ dose protein-bound per gm. plasma 0.037 4 0.004 0.016 -+ 0.003 0.026 + 0.003
“¢ 1-131 protein-bound 0.83 £ 0.05 0.70 £ 0.11 2.90 +0.13
. dose per gm. lower jaw 7.87 &+ 1.38 18.94 4 1.82 31.79 &+ 6.78

Lower jaw 1-131

e 1.82 7.89 36.36
Blood 1-131

n

H =
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(‘Table THLY were calenlated from data obtained during collection periods ranging
from 75 to 120 minutes.  Urine collected ranged in volume from 1.2 to 1.9 ml
The flow values obtained are high compared to the valnes for rainbow trout
given by Krogh (1939), Holmes (1961) and Fromm (1963).  Despite this, the
urine plasma ratios indicate that the tront kiduney is quite efficient in reabsorbing
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Froure 2. The biological hali-life of non-hound 1-131 in the blood plasma of rainbow trout.

iodide from the glomerular filtrate. The outflux of 1-131 from the gills, meas-
ured simultancously with urinary excretion, indicates that some 3.8 times more
jodide is excreted by the kidney than by the gills per nnit of time. Whether the
urine gill exeretion ratio remains constant or changes with iodide levels in the
plasma is not known.
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Tavve 11

Lxcretion of 1-131 by rainbow troul

Urine flow [ 1-131 urine plasma 1-131 clearance 1-131 urine, gill

ml., Kg. day ratio ml, hr. excretion ratio
Group I*
1 129.6 0.30 0.22 3.92
2 232.2 0.07 0.00 2.74
& 160.8 0.27 0.17 6.29
+ 211.2 0.34 0.25 3.05
S 190.0 0.10 0.10 3.01
Mean 181.0 0.22 0.16 392
Group 11#* |
1 | 176.4 0.08 0.04 1.0
2 151.2 0.09 0.06 1.5
3 153.6 0.10 0.06 —
+ 192.0 0.07 0.04 2.66
Mean 168.3 0.08 0.05 3.72

* Group | exposed to 1-131 in distilled water.
** Group Il injected with [-131.

Discussion

The effect of goitrogens on thyroidal uptake of 1-131 in fishes is similar to that
observed in mammals. The handling of the [-131 available due to blocking of the
thyroid is, however, quite different. Bricker and IHlad (1955) have shown that
administered SCN - causes a marked increase in the plisma iodide I-131 levels
in human hyperthyroid patients and a moderate rise in enthyroid patients.  Simi-
lar increases in blood I-131 did not occur m trout treated with thiocyanate (Table
1) and Leloup (1952) found no increase in blood [-131 of mullet and conger ecls
treated with thiourea and thionracil, respectively. Li the I-131 is not taken up
by the thyroid and there is no increase in blood 1-131, then the [-131 must be
sequestered elsewhere or excreted.

I-131 levels in the aquarium water 24 hours after injection show that SCN-
treated trout lost three times as much [-131 as the controls.  Leloup (1932) pre-
sented data showing that thiourea and thiouracil treatment of mullet and conger
eels also increased excretion from two to eight tumes that of the controls.  Bricker
and Hlad (1955) have shown, however, that in humans SCN- does not appreci-
ably alter the 1-131 ‘inulin clearance ratios. 11 the fish kidney responds to SCN-
in a similar manner, then the increased excretion observed must have been extra-
renal, possibly by way of the gills. The role of the gill in excreting halides
(chloride) is well-established in marine fishes.  Hickman (1939) and Leloup
and Fontaine (1960) have shown that 1-131 will accummnlate in the gills at levels
above that of the Dblood in both the starry flounder and dogfish (Seyllinn cani-
cula). This suggests that the gills may excrete iodide and this function is con-
sistent with known chloride metabolism.  Certainly the build-up of iodide in
the gills could reverse the concentration gradient across the gills which wonld
permit a passive loss of iodide from the fish to the environment. Both in zitro
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and in oo studies have shown, however, that no build-up of iodide (1-131)
occurs i the gills of fresh-water trout.

\s shown o Figure 20 the hiological half-life (I o) of non-bound 1-131 in
the plasa of trout 1s 1.7 days.  Hickman (1962), Tound that the T 14 (1-131)
for whole Dlood was 202,60 and 2794 hours for two fresh-water starry flounder,
caleulated from data obtained 30 and 70 hours after injection.

[t should be noted (Table 11) that almost all 1-131 i the plasma is in the
ionic torm even hve davs post-injection.  Although the amount of protein-hound
[-131 15 low, it 1s rather significant hecause it is non-hormonal.  Leloup and
Fontaime (1960) previously have shown that iodide wilt hind directly to trout
plasma proteins o witro.  In the present study, by the fifth day, however, the
1-131 in the protein-bound (PBI1) fracuon mereases and this mcrease 18 probably
due to the appearance of labeled thyroxine.  Tong et al. (1961) indicate that
labeled thyroxine was not detectable in the plasma of hagfish until the fourth day
after injection. [t is apparent from this and other work ([ickman, 1962) that
great care should be taken m using plasma PBI as o parameter of thyroid activity
m fish.

Onr data, presented 1 Table L, indicate that per unit time some 3.8 times
more [-131 is excreted in the urine than is lost by the gills in fresh-water rain-
bow trout.  Observations hy Marshall (sce Beiter, 1933) mdicated more iodide
wits excreted by the gill than by the kidney in toadfish. These conflicting results
are not entirely unexpected since the trout has a glomerular kidney while that
of the toadlish is aglomerular.  Also the activity of the gills in osmoregulation
is quite different in the two species,

Since the [-131 in the plasma of trout is mostly ionic, the glomerular filtrate
should have about the same concentration of [-131 as the plasma.  The urine
plasma ratios of [-131 indicate that the 1-131 of the glomerular filtrate is mostly
reabsorbed.  Dricker and Hlad (1935), Giebisch ef al. (1956) and Williamson
et al. (1962) have shown that in mammals, 1odide reabsorption s a passive dif-
fusion process taking place mainly in the proximal tubule.  The rainbow trout
kidiiey has a proximal tubule: however, the lack of correlative measurements
prechndes any conclusion as to the nature of the reabsorptive process m trout.

Another parameter of renal function, 1-131 clearance, was deternmmed. In
studies of the elearance of any substance by the kidney, the plasma level of that
substance should remain reasonably constant  throughout  the test period. The
shiort test period, and the fact that little 1-131 was lost {rom the fish dicate
that this condition was Tulfilled in our studies. Our experiments were designed
to ect information on the maximal (dinretic) and normal values for [-131 clear-
ance by the kidney of a iresh-water salmomd. Diurests was induced by exposing
trout to distilled water, thereby inereazing the osmotic gradient across the gills,
Tap water was used as a control since its composition approximates  that of
Michigan trout waters.  Published values Tor urine flow in rainbow trout range
frome 00110 ml ke /day. Tolmes and McBean (1963) have found the GIR
(glomerular fltration rate) of rainbow trout at 127 C. to be 170 ml./kg./day :
thus, some 3077-60%  of the glomernlar Gltrate is excreted per day.  Values
for urine flow obtained in this study suggest that the trout were diuretic and
thercfore the measured values can be considered to he near maximal.
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The average iodide clearance for trout exposed to distilled water was three
times that of trout injected with Na I-131 and then exposed to tap water (Table
). The increased clearance may have been due to differences in uptake (the
distilled water animals had accumulated 1-131 from distilled water which con-
tained a small amount of Na [-131, whereas the tap water animals received an
intraperitoneal mjection of Na 1-131) or more probably due to the greater diuretic
stress imposed on the fish in distilled water.

It is quite apparent that the kiduey of fresh-water trout is of major im-
portance for the excretion of 1odide.  Reabsorption of filtered iodide is relatively
efhicient, as indicated by low urine/plasma ratio: however, the efficiency is some-
what less than that for chloride.  Fronun (1963) has obtained a chloride clear-
ance value of 6.8 ml./ke./day for rainbow trout whereas an iodide elearance of
12.6 ml./kg. day was obtained in the present study.

The authors wish to express their gratitude to Dr. 12, P. Reineke and Dr.,
W. D. Collings for their helpful suggestions.

STUM MARY

I. NaSCN inhibits 1-131 uptake by the lower jaw (thyroid) and iucreases
the rate of loss of 1-131 from trout, presumably by way of the gills.

2. The biological hali-life (T 1) of ionic [-131 in the blood plasma of trout
is 1.7 days.

3. 1-131 1s excreted in the urine and by the gills, with the urinary loss heing
3.8 tmes that of the gill per unit time.

4. The 1-131 urine/ plasma ratios indicate that the trout kidney absorbs much
of the filtered iodide.
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